The avian embryo has been a classical model to study early development because the embryo is easily accessible for manipulation of embryonic cells and structures. The usefulness of the chicken embryo increased with the development of quail-chick transplantation techniques (1, 2) . The ability to transplant Japanese quail cells into a chicken embryo provides a method to trace the developmental fate of the implanted quail cells in a chicken host embryo because the dense magentacolored heterochromatin and nucleoli of the Japanese quail nuclei in Feuglenstained histological sections distinguishes donor quail nuclei from host chicken nuclei. The quail nucleolar marker is heritable, making it possible to determine the ultimate developmental fate of quail cells transplanted into host chicken embryos. Furthermore, monoclonal antibodies have been developed that recognize quail nuclei, but they do not recognize chicken nuclei (QCPN; Developmental Studies Hybridoma Bank, Iowa City, IA, USA). Therefore, it is possible to distinguish quail cells from chicken cells in a quailchick chimera using classical histochemistry (Feuglen staining) (1-3) or immunohistochemistry (4) (5) (6) .
Although the quail-chick chimera has been a powerful tool for developmental biology research, it would be better to employ a chicken/chicken implantation system because it would eliminate any potentially confounding species-specific effects on any experiments. However, it has been previously impossible to employ a chicken/chicken system to study cell fate because there have not been any previously reported useful lines of transgenic chickens expressing histologically convenient reporter genes. Lines of transgenic chickens carrying the Escherichia coli lacZ reporter gene and expressing β-galactosidase have recently been developed (7), making it possible to follow the developmental fate of transgenic chicken cells implanted into wild-type embryos. Therefore, a new tool for developmental biology research that is a significant improvement over the quail-chicken system is now available.
A potential difficulty in avian embryonic developmental biology research is the ability to follow embryonic cell fate through hatching and adult maturity. Few researchers have attempted to study the effect of embryonic manipulation on post-hatch chickens. In one case, a portion of the neural tube and the somites was removed from 621 chicken embryos and replaced with the same portion of the neural tube from quail embryos, but only 46 somatic chimeras hatched (7%). Seventeen of the 46 somatic chimeras exhibited various abnormalities in the limbs at hatching. Therefore, only 29 hatched somatic chimeras from the original 621 manipulated embryos were fully viable at hatch (5%) (8) . The surviving quailchick chimeras appeared normal at hatch but died after a few weeks of age because of an interspecies-related demylenation of the spinal cord (9) . It appears that the quail-chicken system is not applicable for studying the effects of embryonic manipulations on adult birds. Furthermore, chick-chick neural tube/somite chimeras also resulted in a very low hatchability (2 out of 40; 5%) (8) . Therefore, it also appears that it is difficult to achieve a reasonable level of hatchability following embryonic manipulations to study post-hatch development. It is important to note that these experiments (8, 9) included an invasive transfer of the spinal cord between embryos. However, other less invasive manipulations have also resulted in relatively low hatchability. For example, primordial germ cells were injected into the dorsal aorta of recipient stage 15 (10) embryos, and only 7%-14% of the injected embryos hatched in one study (11) , and approximately 26% of the injected embryos hatched in a second study (12) . Furthermore, Naito et al. (11, 12) used a laborious surrogate eggshell culturing procedure for their studies, and the procedures reported in the present study employ a simple eggshell windowing technique. For the most part, hatchability data for somatic manipulations do not appear readily available in the scientific literature. Therefore, the objective of this manuscript is to report our procedures for the manipulation of embryonic chick somites and the associated level of hatchability that was achieved using the reported procedures.
The rationale was to demonstrate the results of microinjection and the level of hatchability associated with the experimental manipulations. Future studies will focus on implanted cell fate. The experimental procedures are useful for studies aimed at understanding the effect of embryonic manipulations on post-hatch development.
Freshly laid eggs were placed into an incubator until they reached stages 10-15 (10). Fertile eggs were stored with the blunt end up for 2-3 h. Subsequently, a hole was cut in the shell on the blunt end of the egg with surgical scissors (Figure 1 ). The embryos were visualized in the egg using lateral illumination though a wratten 47 blue gelatin filter (Sigma, St. Louis, MO, USA). The blue filter visualizes the somites in the embryo while it is still in the egg (Figure 2 ). Therefore, it is possible with blue light illumination to manipulate the chicken embryos without traditional India ink staining. All embryos were manipulated between approximately stage 10 and stage 15 (10) . Figure 3 also demonstrates that it is possible to sufficiently visualize the somites and other structures for implantation studies without India ink staining because 3 µL of a 50 µg/mL solution of propidium iodide in 0.1% SDS were successfully injected into a somite. Subsequently, the injected embryo was fixed with 4% para- formaldehyde and observed with a propidium iodide filter set (Omega Optical, Brattleboro, VT, USA) on a Leica ® DMR epifluorescence microscope (Leica Microsystems, Bannockburn, IL, USA). For the hatchability experiments, the embryos were observed in the egg under lateral illumination through the blue filter, and the embryos were subsequently injected with approximately 1000 myoblasts suspended in DMEM, 15% FBS, and 1% penicillin streptomycin-Fungizone ® using a 60-to 70-µm diameter beveled micropipet (Humagen, Charlottesville, VA, USA). Somites were injected after the micropipet passed through the ectoderm, and delivery of donor cells into the somites was visually confirmed through a dissecting microscope. Somites 3, 4, and 5 (rostral to caudal) were implanted with cells in the stage 10 embryos (10). Somites 16, 17, 18, and 19 (rostral to caudal) were implanted with cells in the stage 12 and 15 embryos (10) .
The goal of these experiments was not to track the implanted cells but to demonstrate that the experimental injections of 3 µL cell culture media/ somite for 3-4 somites result in viable chicks at hatching. Given the previously low hatchabilities for other experiments (8, 9, 11, 12) , it is important to demonstrate that the procedures produce viable offspring before analyzing cell fate. Immediately after the injections, the embryos were sealed with Handi-Wrap ® (Dow Chemical, Midland, MI, USA) and placed into an egg incubator at 38°C. The embryos were observed on a daily basis, embryonic mortality was recorded each day, and the embryos were allowed to develop until hatching. The birds were allowed to hatch naturally without significant intervention. The myoblast injections were performed at stages 10, 12, and 15 (10) , and 54% of the embryos from the stage 10 injections, 19% from the stage 12 injections, and 60% from the stage 15 injections hatched (Table 1) . However, five embryos from the stage 10 injections did not survive the hatching process lowering the survival rate to 35% for the stage 10 group. It appears that early embryonic mortality was more problematic with the present windowing technology than late embryonic mortality because 72% of all mortalities occurred before embryonic day 9, while only 28% of all mortalities occurred between embryonic day 16 and hatch. There was no mortality between embryonic days 9 and 16. Overall, it appears that current procedures produce a greater level of hatchability than Kinutani et al. (8, 9) , who employed more surgically invasive procedures, and an approximately equivalent or higher level of hatchability than Naito et al. (11, 12) , who employed cardiac injections and the more laborious surro- e Early embryonic mortality is defined as a dead embryo before embryonic day 9. f Late embryonic mortality is defined as a dead embryo discovered after embryonic day 16 but before hatching. No dead embryos were discovered between embryonic days 9 and 16. g Number of embryos that hatched h Percentage of injected embryos that hatched i Five birds from these injections were viable on the hatching day, but they did not survive the hatching process. Therefore, a total of nine birds successfully survived for a survival rate of 35%. All birds injected at stages 12 and 15 survived the hatching process. gate eggshell culture procedures. In general, it appears that the current approach will produce sufficient hatchability to successfully study the effect of somatic manipulations on post-hatch chickens, which may become an important biological model for developmental aging research. For the generation of knock-out mice, it is necessary at one point to screen for embryonic stem (ES) cell clones that have performed the desired homologous recombination with the target vector. This is usually accomplished with isolated genomic DNA by Southern analysis or by PCR. Although PCR is less labor-intensive and yields results faster, many scientists choose Southern blotting to conduct their search. This may partly be due to the notion that with a target vector appropriate for PCR screening, the limited length of the short arm will lead to fewer hits, since the frequency of homologous recombination increases with the length of homology in each arm (1) . However, in practice, with a short arm of 1.5-2 kb in length, targeting frequencies are sufficient. To us, the major problem with PCR screening of ES cell clones was the lack of a proper positive control.
PCR-Generated
The primers for the PCR assay are usually placed adjacent to the short arm: one primer binds to, for example, the neomycin resistance cassette (Figure 1, F3 ) and the other to genomic DNA not contained within the target vector (Figure 1, R3) . Unfortunately, this construct is available only in a few ES cell clones after homologous integration, but not when the search begins. However, it is crucial to check PCR conditions and the quality and quantity of isolated genomic DNA because this particular PCR assay, with a long product and input DNA of high complexity, is quite demanding. Without a realistic positive control with DNA isolated from transfected ES cell clones, it remains uncertain whether all steps in the detection of the desired clones have been implemented adequately. It is possible, of course, to construct a positive control that matches the anticipated recombination event by extension of the
